A functional micro resists structures with tactile characters of the human are developed due to sweat, sebum and water influence. A new method of tactile sensory evaluation with the pentagon-shaped graph is employed. It is found that the micro pattern acts to wet and to feel smooth and comfortable by immersing some kinds of liquids. By the surface energy analysis, the tactile sensory evaluation can be explained at the point of wetting nature.
Introduction
Recently, intelligent and functional electronic devices such as smart mobile phone system with touch panel have become a more important tool in our usual lives. However, a lot of smart phones employ a touch panel by an electrostatic capacitance method which is easily influenced by water. Moreover, it is expected to develop a touch panel with a functional surface which enables touchy-feely operation. In this regard, the various studies concerning relationships between micro topological structure and human tactile sense have been focused. [1] [2] [3] Therefore, the purpose of this study is to develop a micro resist structure with tactile characters of the human and to propose its evaluation method, which gives ample consideration to variation of the tactile sense due to sweat, sebum and water influence. In this paper, we used this original tactile sensory evaluation for the pattern design of the microstructure which cleans up a sweat, sebum and water on a panel screen.
Experiment

Fabrication of the micropattern by SU-8 photolithography
The microstructure with dot pattern was employed in this experiment. This pattern was formed with SU-8 photoresist (Kayaku Chemical Corp.) by the typical photolithography process as summarized in Table. 1. The micropattern was fabricated on the solid glass. The diameter and height of a dot of resist patterns were about 250 and 50μm, respectively. The pattern pitch was designed at 0.2 mm in lattice structure. Figure 1 shows the photograph of the micropattern sample used in this experiment.
The process details are described as follows. The glass substrates are cleaned up with organic solvent by acetone, methanol and DI-water each for 5 min. For the high adhesion between a glass and a SU-8 photoresist film, a hydrophobic treatment with HMDS (hexamethyldisilaxane) were performed on the substrate. Table 1 The fabriccation conditions of micro resist pattern.
After HMDS treatment, the heating treatment lets discards most of HMDS heat up to vaporization at 120 ℃. Fabrication for the 50 m thickness, the SU-8 3050 photoresist was spined coat as first term 500 rpm for 5 sec and second term 3000 rpm for 30 sec. After the spin coat, the resist film was pre-baked at 95 ℃ for 30 min. The photoresist film was exposed to ultraviolet light of 365 nm wavelength for 8 sec in order to transfer a pattern design. After the exposure of dot patterns, the resist film became stabilized by PEB(Post Exposure Bake). It was conducted for 2 min at 65 ℃ and then 6 min at 95 ℃. The pattern development was carried out by dipping the sample into the SU-8 developer for 12 min. After the pattern development, the sample was immersed twice into DI-water for 10 sec in order to rinse the pattern surface. After allowing the sample enough time to dry, hard bake was carried out on a hot plate at 200 ℃ for 10 min in the air.
Tactile sensing measurement test
By contacting directly a human finger on a micro dot pattern array formed on a glass surface, tactile investigation can be accomplished. Figure 2 shows a series of photographs in the tactile sensing test. As functional liquid immersing between a human finger and the pattern samples, DI-water, artificial finger oil, artificial alkaline sweat and artificial acid sweat (made by Isekyu Co. Ltd.) were employed. As the reference of the sensing test, a flat glass and SU-8 resist film without dot pattern were used. As shown in Fig.2 , the sample surfaces were gently wiped with a human finger slowly.
Surface energy measurement
The surface energy (tension) of test liquids (acidic artificial sweat, alkaline artificial sweat and artificial human finger oil) by a surface tension meter was adopted for the Wilhelmy method. Contact angle measurement was employed for analysis of surface energy [4, 5] . The contact angle  on the each fuel cell component was measured by a contact angle meter. Figure 3 shows photographs of liquid drops on a glass surface. The contact angle can be measured precisely. The contact angle at passage times of 1 min was employed after making a sessile drop.
The surface energy of samples can be determined as a following well known Young-Dupre theory. [4] ) cos 1 (
Surface energy  is defined as a sum of dispersion factor of Moreover the wetting energy between the surface and test liquid are represented as an interaction between these materials as follows.
Surface energy  can be determined by these equations. The surface energies were summarized in a surface energy factor map. The theoretical and experimental details are described in previous literatures. [5, 6] 2.4 Tactile sense visualization model In general, it is regarded the tactile sense is difficult to quantify. Some researchers employed so-called SD method. [1] [2] [3] However, in order to simplify, we propose a new method of tactile sensory evaluation with the pentagon-shaped graph. This original evaluation in this study was proposed to indicate a tactile sense visibly. Figure 4 shows a chart for recording and pentagon-shaped graph for visualizing the tactile sensing data. As the evaluation, the following five kinds of characteristic properties are defined.
spiky: keen sense like indenting by a sharp needle hardness: rebound pressure sense sensitivity: recognition of contactig position temperature:warmness sensing adhesion: adsorption of tactile skin to a sample (a) a chart for recording sensing data (b) pentagon-shaped graph Fig.4 The pairs adjectives of sensory evaluation.
As qualification of tactile sensing, experiment data were categorized into ten levels. Table 2 summarizes the results of the tactile sensory evaluation by wiping a human finger on the dot pattern array. By the combination of the substrates and liquid, various functional tactile sensory evaluations are accomplished. Figure 5 shows pentagon-shaped graph of the results of characteristic testing. From these results, the following consideration can be obtained. In Fig.5E , the dot pattern surface was felt more likely "slick" "fine" and "flat" than a non-microstructure SU-8 photoresist surface, and these results indicate "more comfortable". In the literature, the correct cognitive ability of the human was reduced when the line width was under 1mm, and the human could not recognize when the line width was below 0.2mm. [1] The typical pitch of the fingerprint ridge of human is about 0.5mm which acts effectively for the human sensing procedure. In general, the human's sweat, sebum and water became external factors between a human finger and a touch panel. In Figs .5B, 5C and 5D, the effect of the wet condition is also shown. The human felt like "slipping" and "uncomfortable" for the wetting surface. The phenomena relate closely to the human sense concurrently. On the contrary, the dot patterns acts to feel smooth and comfortable by immersing some kinds of liquids as shown in Fig.5F. 
Results and Discussion
Property of tactile sensory evaluation of microstructure
Surface energy analysis
The results of the tactile sensory evaluation can be discussed by employing surface energy analysis. The amount of factors of artificial liquids is close to that of the glass substrate, but SU-8 substrate. These results indicate the glass substrate is likely to wet comparing with the SU-8 substrate. Table 2 Experimental results of tactile sensory evaluation. Table 2 .
These results are clearly explained by the adhesion energy estimation W a summarized in Fig. 6 and Table 3 . It can fare certainly to understand that the micro pattern acts to wetting by the pinning effect of liquids.
Conclusion
We demonstrate the functional microstructure, which is fabricated by microlithography, has an effect to influence in human tactile sense balance. By employing the micro dot pattern, the tactile sensing level can be enhanced even under immersion of sweat. The liquid of finger oil and sweat are easy to spread on a glass surface, but SU-8 surface. By combining a micro pattern with liquid Laplace force, tactile sensing of patterned SU-8 should be improved.
